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ously forming a 5 phosphate linkage to a conservedA Mob of Reps
active site tyrosine and liberating the 3 OH adjacent to
the nick site. During subsequent elongation, the protein
that made the nick stays covalently attached to the pa-
rental strand. When the newly synthesized strand com-
pletes one round of replication it reaches the originalEmerging structural results confirm that the large Roll-
site of nicking. At that point another tyrosine proximaling Circle Replication initiator superfamily is com-
to the first attaches to the DNA and the system is readyposed of two classes of proteins that are circularly
for another round of replication around the plasmid (vanpermutated with respect to each other, as initially sug-
Mansfeld et al., 1986).gested by sequence analysis. The two classes are
The entire superfamily is characterized by two se-united by the same endonucleolytic mechanism and
quence motifs: an HUH motif, or motif 2, (where U is aa conserved Mg2 binding site containing multiple his-
hydrophobic residue) presumed to ligate a Mg2 iontidine ligands unique to this superfamily.
required for the nicking activity, and a YxxxY motif, or
motif 3, the tyrosines that attach covalently to the DNA.
It has now been over 10 years since Ilyina and Koonin Ilyina and Koonin showed that the superfamily extends
(1992) pointed out the existence of a vast superfamily far beyond the RCR proteins of coliphages, and includes
spanning eubacteria, archea, and eucarya tied together replication initiators of various eubacterial plasmids,
by sequence signatures found originally in domains of ssDNA viruses infecting Spiroplasma and Chlamydia,
proteins involved in the initiation and termination of roll- plant geminiviruses, and mammalian parvoviruses.
ing circle replication (RCR). RCR, as prototyped by the While these are not all bone fide RCR domains, as some
ssDNA coliphageφX174, involves the site-specific nick- lack one of the tyrosines of the YxxxY motif, they all
share the HUH motif and a conserved tyrosine and,ing of a plasmid strand by the RCR protein, simultane-
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where they have been biochemically characterized, dimensionally) different location. Furthermore, the same
hydrogen bonding network arises from residues onhave been shown to nick ssDNA site specifically accom-
panied by covalent attachment. The superfamily gets these three strands and keeps the two HUH imidazoles
in protonation states such that their respective loneeven larger if one allows for both possibilities for the
relative orientation of HUH and YxxxY motifs (as Ilyina pairs on N2 can ligate identically placed divalent metals
in both structures. The third metal ligating amino acid,and Koonin did). Accordingly, in the Rep class the con-
served Y is downstream of the HUH motif, while the a His in TraI and Glu in both AAV Rep and the TYLCV
domain, is also at an identical location.reverse is true in the Mob class, a group that includes
a large array of molecules that mediate plasmid conjugal TraI is the first member of the superfamily cocrystal-
lized with the catalytically relevant Mg2 ion ligated toMob-ilization, such as that encoded by the E. coli sex
(F) factor. the HUH motif (the AAV Rep structure has Zn2 bound
at an identical location). According to the exhaustiveDespite decades of accumulating genetic and bio-
chemical data on members of both the Rep and Mob analysis by Harding (2002) (http://tanna.bch.ed.ac.uk/)
done on the February 2001 release of the PBD (Bermanclasses, three-dimensional structural information has
been much slower to follow. The ice finally broke with et al., 2000) that included all structures solved to better
than 2.8 A˚ resolution, multiple imidazoles ligating Mg2the near-simultaneous structure determinations of the
RCR domain of the adeno-associated virus (AAV, a small have not been seen (with the one exception of a contact
between two symmetry related molecules, hardly rele-mammalian parvovirus used extensively in gene ther-
apy) by X-ray crystallography (Hickman et al., 2002), and vant biologically), so at the very least, this occurs very
rarely and TraI might be the first instance seen. As nei-the analogous domain from the tomato yellow leaf curl
virus (TYLCV) by NMR (Campos-Olivas et al., 2002), both ther of the structures has been solved in the presence
of the DNA substrate, the role of the metal ion is notmembers of the Rep class. These structures showed
that at the center of the RCR domain, there is a five- clear at this point; nevertheless in both structures it
appears to be too far from the -OH group of the nucleo-stranded  sheet connected as 41325, like the structur-
ally (but not sequence-wise) homologous replication ori- philic tyrosine to play a direct role in activation. It is
possible that Mg2 is needed to position the scissilegin binding domains of the large T antigen of SV40 and
the E1 protein of papillomaviruses. These two dsDNA phosphate appropriately for the attack.
One remarkable property of TraI is its impressive lowviruses do not use an RCR-like replication mechanism,
and their origin binding domains are devoid of catalytic nanomolar affinity (Stern and Schildbach, 2001) for its
ssDNA substrate, a property apparently not shared withfunction.
Now, in this issue, Datta et al. (2003) present the first TraI viral cousins that are primed to recognize special
viral genome terminal DNA sequences. It will certainlythree-dimensional structure from the Mob class, solved
by X-ray diffraction: the relaxase domain of TraI from be interesting to see how Reps and Mobs deal with the
problem of DNA recognition.the F plasmid. As initially suggested by Ilyina and Koo-
nin, the Mob domain is indeed circularly permutated
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mains would end up in different classes. The other is Ilyina, T.V., and Koonin, E.V. (1992). Nucleic Acids Res. 20, 3279–
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